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Development of Automated J-Integral Analysis System for 3D Cracks

Joon-Seong Lee*

ABSTRACT

Integrating a 3D solid modeler with a general purpose FEM code, an automatic nonlinear analysis system of
the 3D crack problems has been developed. A geometry model, i.e. a solid containing one or several 3D cracks
is defined. Several distributions of local node density are chosen, and then automatically superposed on one
another over the geometry model by using the fuzzy knowledge processing. Nodes are generated by the bucketing
method, and ten-noded quadratic tetrahedral solid elements are generated by the Delaunay triangulation techniques.
The complete finite element(FE) model generated, and a stress analysis is performed. In this system, burden to
analysts for introducing 3D cracks to the FE model as well as for estimating their fracture mechanics parameters
can be dramatically reduced. This paper describes the methodologies to realize such functions, and demonstrates
the validity of the present system.
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Fig. 1 Mapping of an ellipsoid

Fig. 2 Example of mis-match elements
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Fig. 3 Conversion of quadratic tetrahedral elements

along crack front into singular elements
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A typical mesh of quarter portion of
inhomogeneous plate with a semi-elliptical
surface crack
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Fig. 5 A typical mesh of plate with semi-elliptical
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Fig. 6 Evaluation of J-integral value
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Fig. 7 Comparison of present stress intensity
factor with Raju-Newman equation
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